The aim of this study was to evaluate the role of lysosomal enzymes in excessively heavy menstruation by comparing women with menorrhagia due to dysfunctional bleeding or intrauterine contraceptive device (IUCD) use with those with normal menstrual periods or with amenorrhoea associated with breastfeeding. This was a prospective cohort investigation of the activity of four endometrial lysosomal enzymes in three contrasting groups: (i) women with ovulatory dysfunctional uterine bleeding and users of intrauterine contraceptive devices; (ii) breastfeeding post-partum women in whom there are long periods of amenorrhoea, particularly in the early months post-partum; and (iii) normal cycling women. It was found that the total activity of lysosomal enzymes, particularly acid phosphatase and N-acetyl-β-D-glucosaminidase, was markedly elevated (P < 0.001) in IUCD-exposed endometrium, and endometrium from women with dysfunctional uterine bleeding when compared with endometrium from women with a history of entirely normal menstrual periods or that in post-partum breastfeeding women. The activity of α-L-fucosidase was moderately elevated in IUCD users (P < 0.05) and ovulatory dysfunctional uterine bleeding (P < 0.05), whereas αD-mannosidase activity was elevated in ovulatory dysfunctional uterine bleeding (P < 0.05), but decreased in IUCD users (P < 0.01). No significant differences were observed in the lysosomal enzyme activities of breastfeeding post-partum women and normal cycling women. These results show that total endometrial tissue activity of four lysosomal enzymes was substantially increased throughout the cycle in most circumstances in women with two different causes for increased menstrual bleeding. This suggests a contributory role to the increased bleeding.
Introduction
. They may also affect lysosomal enzymes indirectly (Henzl et al., 1972) , however, there is no published Lysosomes are heterogeneous intracellular vacuoles containing information on the behaviour of endometrial lysosomes and a wide variety of acid hydrolases. They are involved in their enzymes in women with ovulatory dysfunctional bleeding. autophagy and heterophagy and are capable of multiple enzyme It has been well demonstrated in the literature that women release; these functions are crucial to tissue remodelling using small copper bearing intrauterine contraceptive devices (DeDuve and Wattiaux, 1966) . It has been proposed that (IUCD) experience increased menstrual blood loss by 50-75% lysosomal autophagy, heterophagy and the progressive accumu- (Larsson et al., 1975; Liedholm et al., 1975; Milson et al. , lation and release of lysosomal enzymes may be an important 1989). The presence of an IUCD is associated with a foreignmechanism leading to endometrial bleeding, remodelling and body reaction consisting of migratory leukocyte infiltration in subsequent regeneration (Henzl et al., 1972; Wang and the endometrium especially at the sites of contact with the Fraser, 1989).
IUCD (Baron and Esterly, 1975) . Histochemical studies have There is still much uncertainty about the complex molecular demonstrated that these mononuclear cells contained more and pathophysiological mechanisms of menorrhagia in women lysosomes than resident cells of normal secretory endometrium with ovulatory dysfunctional uterine bleeding (Fraser et al., (Baron and Esterly, 1975) . Two biochemical studies have 1996). Numerous regulatory molecules such as increased reported increased activities of endometrial lysosomal enzymes endometrial fibrinolytic activity, decreased endothelins, altered throughout IUCD-exposed cycles (Hagenfeldt et al., 1977 ; expression of matrix metalloproteinases, apoptosis, altered Mercado et al., 1984) . leukocyte numbers and function and cytokine expression have been implicated (Smith et al., 1981; Fraser et al., 1996;  In contrast to dysfunctional uterine bleeding and IUCD partum 2 (days 61-120 post-partum) and post-partum 3 (days 121-exposure, breastfeeding in the post-partum period maintains a 210 post-partum). At the time of all these biopsies, the mothers were 'static' state in the endocrine profiles and the histology of the fully or partially breastfeeding. Menses had returned in all cases by endometrium (Topkin, 1943; Udesky, 1950 in this situation. What is known is that breastfeeding is and assayed as described and validated previously (Wang et al., 1999) .
associated with prolonged amenorrhoea and rarely breakthrough bleeding (Wang and Fraser, 1994) . Investigation of Enzyme assay and DNA determination the 'static' nature of post-partum endometrium may provide a
Enzyme assays were performed with enzyme-specific substrates contrast for the role of lysosomal enzymes in cyclical menstrual containing the 4-methyl umbelliferone (4MU) fluorophores as previbleeding and its abnormalities.
ously described (Wang et al., 1999 (Wang et al., 1999) .
the aim of this study was to establish a possible role for Enzyme activity was measured under three contrasting situpreviously described (Wang et al., 1999) .
ations; (i) regular menstrual cycling; (ii) excessive menstrual
The data in this study were not normally distributed and a bleeding due to dysfunctional uterine bleeding or IUCD logarithmic transformation was applied before analysis. Comparisons exposure; and (iii) breastfeeding influenced 'static' and 'stable'
were made of enzyme activity between groups using the F-test after post-partum endometrium. The four enzymes studied were logarithmic transformation.
acid phosphatase, N-acetyl-β-D-glucosaminidase, α-L-fucosidase and α-D-mannosidase.
Results
A total of 45 endometrial biopsies were obtained from normal
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subjects; three in the menstrual phase, 21 in the proliferative
Clinical recruitment
and 21 in the secretory phase (Wang et al. 1999) . In all, 26 endometrial biopsies were obtained from the IUCD users; two Normal ϭ normal subjects; IUCD ϭ IUCD users; DUB ϭ women with ovulatory dysfunctional bleeding; PP1 ϭ Post-partum 1 (days 35-60 post-partum); PP2 ϭ Post-partum 2 (days 61-120 post-partum); PP3 ϭ Post-partum 3 (days 121-210 post-partum). ACP ϭ acid phosphatase; FUCϭ α-L-fucosidase; . Box whisker plot of logarithmically transformed phosphatase activity log(µIU/µg DNA) for normal subjects α-L-fucosidase activity log(µU/µg DNA) for normal subjects (Normal), intrauterine contraceptive device (IUCD) users, women (Normal), IUCD users (IUCD), women with dysfunctional bleeding with dysfunctional bleeding (DUB), breastfeeding women during (DUB), breastfeeding women during days 35-60 post-partum days 35-60 post-partum (Post-partum 1), breastfeeding women (Post-partum 1), breastfeeding women during days 61-120 during days 61-120 post-partum (Post-partum 2) and those during post-partum (Post-partum 2) and those during days 120-210 days 120-210 post-partum (Post-partum 3). *IUCD group was post-partum (Post-partum 3). *IUCD group was significantly higher significantly higher (P Ͻ 0.001) compared with the normal and (P Ͻ 0.05) compared with the normal and post-partum groups, but post-partum groups, but comparable with the DUB group. †DUB comparable with the DUB group. †DUB group was significantly group was significantly higher (P Ͻ 0.001) compared with the higher (P Ͻ 0.05) compared with the normal and post-partum normal and post-partum groups, but comparable with the IUCD groups, but comparable with the IUCD group. group. Post-partum 3 group was significantly lower (P Ͻ 0.01) compared with all other groups. all three enzymes did not vary significantly from the proliferative, to the secretory or the menstrual phase with IUCD use. are summarized in Table I . All statistical comparisons were α-D-mannosidase activity was significantly lower (P Ͻ 0.01) performed on logarithmically transformed data.
in the IUCD-exposed endometrium than in normal subjects (Figure 4 ). This change was also observed throughout the Lysosomal enzyme activity in IUCD-exposed endomenstrual cycle. metrium and comparison with normal subjects Lysosomal enzymes in women with ovulatory In IUCD users, endometrial acid phosphatase and N-acetyl-β-dysfunctional menstrual bleeding and comparison D-glucosaminidase activity were both significantly greater (P with normal subjects Ͻ 0.001) than normal subjects (Table I ; Figures 1 and 3) . α-L-fucosidase was also significantly higher (P Ͻ 0.05) in IUCDIn women with ovulatory dysfunctional bleeding, both acid phosphatase and N-acetyl β-D-glucosaminidase activities were exposed endometrium than in normal (Figure 2) . The increased activity was seen throughout the menstrual cycle. Activity of significantly greater (P Ͻ 0.001) than normal subjects ( Table Table II 
throughout the menstrual cycle. Activity of all four enzymes did not vary significantly from the proliferative, to the secretory When compared with the dysfunctional uterine bleeding group, *IUCD group was significantly higher (P Ͻ 0.001) compared with α-D-mannosidase in the IUCD group was low (P Ͻ 0.01). All the normal and post-partum groups, but comparable with the DUB the other three enzymes were comparable between IUCD users group. †DUB group was significantly higher (P Ͻ0.001) compared and women with dysfunctional bleeding (Figures 1, 2, 3 and 4).
with the normal and post-partum groups, but comparable with the IUCD group.
Lysosomal enzymes in post-partum endometrium
Acid phosphatase activity showed a decrease from the second to the third biopsy; the first two biopsies were not statistically different, but the third biopsy showed results statistically lower than the other two groups (P Ͻ 0.01) (Figure 1 ). No statistical differences were recorded in the total enzyme activity for α-L-fucosidase, α-D-mannosidase, N-acetyl-β-D-glucosaminidase in any of the post-partum groups over the three time frames studied (Figures 2, 3 , and 4).
Trend analysis for changes in lysosomal enzymes over time in post-partum endometrium
For the 12 volunteers who had three consecutive biopsies over the post-partum period of weeks 5-30, median values were calculated and results were analysed separately with analysis of variance to examine possible trends of enzyme activity over time. No significant trend could be observed (Table II) . This appears to be the first demonstration that endometrial women during days 61-120 post-partum (Post-partum 2) and those lysosomal enzyme activity is disturbed in women with ovulatduring days 120-210 post-partum (Post-partum 3). *IUCD group ory dysfunctional uterine bleeding. This is also the first study was significantly lower (P Ͻ 0.01) than all other groups. †DUB which examined lysosomal enzyme activity in post-partum group was significantly higher than the IUCD group (P Ͻ 0.01) endometrium beyond the first post-partum month.
and the normal and post-partum groups (P Ͻ 0.05).
All four enzymes studied showed significantly higher activity in women with dysfunctional bleeding than normal subjects. I). Similarly, α-L-fucosidase and α-D-mannosidase activities were significantly higher (P Ͻ 0.05) than normal, although
The increase was observed throughout the menstrual cycle. No differences were found between the proliferative and the the differences were less striking than the first two enzymes (Figures 1, 2, 3 and 4) . The increased activity was seen secretory phase.
In IUCD-exposed endometrium, activity of three lysosomal between different regulatory molecules are still poorly understood. Biochemical changes in endometrial phospholipases and enzymes (acid phosphatase, N-acetyl-β-D-glucosaminidase and α-L-fucosidase) was significantly higher than in normal endoarachidonic acid metabolism are evident in women with dysfunctional bleeding (Bonney and Franks, 1987 ; Bonney metrium. The increased enzyme activity associated with IUCD use was observed throughout the cycle with no significant et al., 1991) . Phospholipases are known lysosomal enzymes and this is consistent with an influence of lysosomal enzymes changes from the proliferative to the secretory phase in the same manner as ovulatory dysfunctional uterine bleeding. α-on prostaglandin pathways. Alternatively, it has also been suggested that lysosomes may be positively influenced by D-mannosidase activity was significantly lower than in normal endometrium. This was out of synchrony with the changes prostaglandin production and this effect may be exerted through the cyclic nucleotides (Goldfarb and Thomas, 1983 ). An that were found for other enzymes. It is not clear why α-Dmannosidase activity should be reduced significantly below exaggerated activation of prostaglandin pathways and fibrinolytic activity are thought to be important mechanisms in normal in the presence of an IUCD. It is also uncertain whether IUCD-exposed endometrium has decreased requirements for ovulatory dysfunctional uterine bleeding (Smith et al., 1981; Cameron, 1989) . Lysosomes and their enzymes may be activ-α-D-mannosidase or whether a low α-D-mannosidase concentration could be attributed to a different population of endometated in ovulatory dysfunctional bleeding in a manner closely linked to the prostaglandins. The weight of evidence seems to rial lysosomes, and indeed whether this has any relevance to heavy menstrual bleeding in women. Nevertheless, endometrial suggest that endometrial lysosomes are involved in a remodelling role once tissue breakdown has started, and could contriblysosomal activity in three out of four of the enzymes studied was significantly increased in the presence of an IUCD, a ute to the volume and duration of bleeding. In addition to the activation of endometrial lysosomes, result which is in agreement with previous studies (Hagenfeldt et al., 1977; Mercado et al., 1984) .
prostaglandins and fibrinolysis, it is thought that vasoconstriction and tissue ischaemia may activate multiple tissue molecules It is of interest to note that the endometrial lysosomal enzymes (except mannosidase) in both the IUCD and the capable of tissue damage, shedding and subsequent repair and regeneration. These tissue molecules may include free oxygen dysfunctional uterine bleeding groups showed parallel results reflecting the clinical manifestation of increased menstrual loss radicals, matrix metallo-proteinases and their inhibitors, endothelium-derived relaxing factor (nitric oxide), platelet-activatin both groups.
Lysosomes and their enzymes have long been implicated in ing factors, leukotrienes, interleukins, tumour necrosis factor, natural killer cells, lymphokine-activated killer cells, apoptosis normal menstrual bleeding (Henzl et al., 1972; Wang and Fraser, 1989) . In normal physiological processes, endometrial mediators and a range of tissue growth factors (Fraser et al., 1996; Tabibzadeh, 1996) . lysosomes are thought to be active in autophagy and heterophagy to facilitate tissue re-modelling (Ferenczy, 1976) . As It is possible that the activation of migratory leukocytes may play a central role in the release of these tissue molecules such, total amounts of lysosomal enzyme in tissue are unlikely to be altered in most normal physiological processes. It is in ovulatory dysfunctional bleeding (Fraser et al., 1996) , an event also observed in IUCD-exposed endometrium as a result thought that the withdrawal of oestrogen and progesterone causes activation of the endometrial lysosomal system and of foreign body reaction. In a parallel study, blinded histological controls for all samples were obtained and detailed morphorelease of their hydrolytic enzymes resulting in cellular digestion (Henzl et al., 1972) . This release may be complete or it metric analyses were performed (Wang et al., 1995) . The findings showed that endometrial total leukocyte infiltration may be a process of slow leakage brought about by changes in lysosomal membrane permeability consequent upon changes was more abundant in women with ovulatory dysfunctional bleeding (median 41.4/1000 stromal cells) (P Ͻ 0.05) although in steroidal hormonal concentrations (Szego, 1974) .
In the IUCD-exposed endometrium, endometrial reaction less so in users of IUCD (median 32.3/1000 stromal cells) (not significant) compared with normal subjects (median 30.1/ against a foreign body stimulates an inflammatory response which is probably the key to a series of biochemical events 1000 stromal cells). Nevertheless, IUCD use was associated with significant plasma cell infiltration (P Ͻ 0.05) compared leading to excessive menstrual bleeding. This foreign body reaction involves the infiltration of migratory leukocytes which with normal cycling endometrium (Wang et al., 1995) . It is therefore logical to speculate that endometrial lysosomes, may influence tissue damage, repair and regeneration. Part of this process may involve an exaggerated synthesis and later prostaglandins and migratory leukocytes are closely linked. Unlike IUCD exposure, the original trigger for dysfunctional activation of lysosomes and their enzymes, an event not observed in normal physiological processes. These enzymes bleeding is unclear. Nevertheless, results from this study have indicated that lysosomes and their enzymes play a role in the may be involved in glycoprotein metabolism and tissue breakdown contributing to heavy menstrual bleeding. Other subcellucomplex interplay of metabolic events contributing to heavy menstrual bleeding often seen in both IUCD users and women lar events such as the activation of prostaglandin release, fibrinolytic pathways and migratory leukocytes are also likely with dysfunctional uterine bleeding. Despite the influence of breastfeeding and prolonged periods to be important in IUCD-related menorrhagia.
It is not clear what mechanisms are responsible for an of amenorrhoea, in post-partum endometrium where histology showed proliferation, lysosomal enzyme activity was very exaggerated lysosomal synthesis and activation in women with ovulatory dysfunctional uterine bleeding. The regulatory similar to that in normal endometrium (both the proliferative and secretory phase) and there was no general increasing or mechanisms for menstruation are complex and the interactions
